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(54) Spectrum spreading communication system using single spreading code 



(57) A spectrum spreading communication system 
including a radio base station includes a receiving sec- 
tion, a correlation detecting section, a rake synthesizing 
s^on and a control section. The receiving section 
receives a radio signal to produce a digital ixirst agnal. 
Transmission data of the radio signed respectively 
include different pilot patterns and data, are subjected 
to spectrum spreading using a single spreading code, 
and are transmitted on a same frequency txind. The 
correlation detecting section performs a tracking opera- 
tion to the burst signal for each of paths to produce a 
tracking resultant data. Hie paths are specified based 
on a path data. The conrelation detecting section also 

Fig 



detects a component of the burst signal correlated with 
the spreading code for each path based on the tracking 
resultant data. The rato synthe^zing section performs 
rake synthesis to the components from the correlation 
detecting section for each of the pilot patterns. The con- 
trol section deternrunes path candkJates from the burst 
signal to output the path data conesponding to the path 
candklates to the correlation detecting section and con- 
trols the rake synthesizing section to perform the rake 
synthesis to the components from the conelation 
detecting section for each of the pilot patterns* 
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Description 

Background of the Invention 

5 1, Raid of the Invention 

[0001 ] The present invention relates to a spectrum spreading communication system, and more particularly to a spec- 
trum spreading communication systm suitable for a random burst signal transmitted from a plurality of mobile stations 
to a radio tase station on a same frequency band at a same time using a same spreading code. 

10 

2. PescriptiQn of the Related Art 

[0002] As a conventional mobile communication system using a spectrum spreading communication system of th^ 
type is known the technique disclosed in Japanese Laid Open Patent Application (JP-A*Heieei 5-227124), for example. 
IS Rg. 1 is a lalock diagram illustrating an example of a reception system used in a CDMA communication system as the 
conventional technique. 

[0003] The CDMA communication system is composed of a single radio base station 300 and a plurality of mobile 
stations 200. A spreading code is allocated for the oonrununication between the radio base station 300 and each mobile 
station 200 such that the k>idirectional communication can t>e performed. The radio base station 300 syrrthesises a pilot 

20 signal spread based on a short period code P, one period of which is set as one bit and data transfer signals 8|»'ead 
based on long period codes A, C and E conresponding to the respective mobile stations 200. The synttiesized signal is 
transnrHtted to the mobile stations 200. The respective mobile stations 200 performs inverse spreading to the reception 
data transfer sigrtal using tiie long period codes A. C and E allocated to the mobile stations, respectively. Also, the 
respective mobile stations 200 spreads data transfer signals using the transmission long period codes B, D and P. 

25 respectively The radio base station 300 performs inverse spreading to a reckon data transfer signal using reception 
long period codes B, D and F conre^nding to the respective mobile stations 200. 

[0004] In such a structure, synchironization is established between a generation timing of the short period code P and 
each of the long period codes A to P. Also, a time mark is contained In a pilot signal to indicate a bit position of the long 
period code corresponding to the pilot signal so that it is possible to s^^arate the long period codes into groups arxl to 

30 allocate tiiem to a lot of mobile stations. Therefore* the synchronization can be quickly established using the pilot signal 
of the short period code. Also, the synchronization of a corresponding group part of the long periods code can be estab- 
lished based on the time mark contained in the pilot signal so that the synchronization of the k>ng period code can be 
easily arxl quickly established. Therefore, it is possible to provide the CDMA comnuinication system in whk;h it is made 
possible to allocate unique codes to a lot of mobile stations while keeping an access random function. 

35 [0005] However, in such a technique dsdosed in Japanese Laid Open Patent Application (JP-A-Heisei &227124), 
special controls are reqinred. That is, there are synchronization establishment between the pilot signal and the data 
comnrtunication signal, insertion and excerption of the time mark, and the generation of a partial roark which nuitches 
to the time mark. Therefore, there is a problem in that the circuit scale becomes large so that the circuit becomes com- 
plicated. 

40 [0006] Also, in another conventional technique, a plurality of nrx>bi!e terminals transmits an same spreading code. In 
case of the reception of burst signals in which the plurality of mobile terminals perform access requests to a radio base 
station at tiie same time using the common spreading code, the respective signals interfere wdth each other. 
[0007] Also, in such bur^ communication, it is difficult to strictiy perform the tiransmission power control which is inc£s- 
pens^e technique in the spectrum spreading communication system. 

45 [0008] For these reasons, the dispersion of the levels of the signals received by the radio base station becomes large 
so that a delay profile used to detect paths is disordered. As a result, there is a problem in degradation of a path detect- 
ing capability. 

[0009] Furtiier. even if an initial synchronization correlating unit (a searcher) captures burst signals from tiie mobile 
stations, the mobile station in each path can not be easily kientif ied. Therefore, there is a problem in that it is impossit>le 
so to optimcdiy realize the rake synthesis which is the technk^ue to remarkably improve the communication quality peculiar 
to the spectrum spreading communication system. 

[001 0] In addition to ttie above reference, a spectrum spreading communication system is di6ck>sed in Japanese laid 
Open Patent applk:ation (JP-A-Showa 56-102143). In tiiis reference, a base band signal is fbnned by adding a data to 
be transmitted and a pilot signal. On a side of reception, tiie pilot signal is detected such tiiat synchronization is estab- 
55 lished. 

[0011] Also, a transmission signal system Is disclosed in Japanese laid Open Patent application (JP-A-Showa 59- 
50603). In the this reference, a sync signal is transmitted with a transmission signal via a digital phase modulatk>n com- 
munication line. Upon reception, the control of an antenna is performed using the sync signal as an its kientification ref- 
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erence signal. 

[001 2] Also, an automobile telephone system is disclosed in Japanese laid Open Patent application (JP-A-Showa 63* 
202144). In the this reference, a plurality of communication channels are divided in frequency. A ^ectrum spreading 
communication is used for a line control channel to perform line control of the communication channels. A spectrum 

5 spreading code sequence on the line control channel con-esponds to a mok>ile station telephone number. 

[0013] Also, a receiving apparatus in a spectrum spreading communication system is disclosed in Japanese Exam- 
ined Patent application (JP-B-Heisei 2-39139). In the this reference, the receiving apparatus is composed of a first 
> quasi-noise code generating section, a correlation detector, a dock generating section, a second quasi-notse code gen- 

erating section, a control section, and a denrK>dulating section. The first quasi-noise code generating section generates 

10 a first quasi-noise code which always changes the phase for an inputted spectrum spread receptim signal. The corre- 
lation detector always detects the correlation state between the spectrum spread reception signal and the first quasi- 
noise code to detect the state of the spectrum spre^ reception signal. The clock generating section generates a clock 
to control the first quasi-noise code generating section based on the detecting result by the correlation detector such 
that the phase of the first quasi-noise code always changes for the spectrum spread reception signal. The seoond 

IS quasi-noise code generating section generates a seomd quasi-noise code. The control section controls the secorKi 
quasi-noise code from the second quasi-noise code generating section rn accordance with the detecting information by 
the correlation detector such that the spectrum spread reception signal is coincident with the second quasi-noise code. 
The demodulating section performs the denxKiulation of the spectrum spread reception signal teased on the second 
quasi-noise code controlled by the control section. 

20 {0014] Also, a receiving apparatus in a spectrum spreading communication system is disclosed in Japanese Laid 
Open Patent application (JP-A-Heisei 6-1 52564). In the this reference, [step 111} existence or non-existence of a canrier 
of a Busy Tone is detected prior to a packet transmission. When an "L" level is detected over a predetermined time, a 
step 112 is executed. Also, a signal outputted from its station and a signal outputted from another station are compared 
to know a channel acquirement result of its station. Mien the signal is changed to the *'H'' level during a diannel 

25 acquirement period, the channel acquirement is discarded and then a receiving process is performed. [Step 1 1 2] A shift 
register outputs its kJentification code as the Busy Tone for one data. [Steps 113 and 1 14] It is determined whether all 
the Busy Tone data are transmitted, a PN code is continuously transmitted t)ased on a PN code table, when a signal 
corresponding to a B station comparmon level is kept in the state of "L" level for the channel acquirement period. Thus, 
a frequency band can be effectively used and a plurality of communk^ation stations can communicate with each other 

30 at the same time in a spectrum spreading communication system. 

[001 SI Also, a spectrum spreading comrTUJnicatk)n system is disclosed in Japanese l^id Open Patent applicatk>n (JP- 
A-Heisei 7-30514). In the this reference, a matching filter 1 perfornris an inverse spectrum spreading to a reception sig- 
nal R1 to which a spectrum s|xeading is performed, vnth an inverse spreading code R2 to produce a pulse sequence 
R2. A transmission path estimating section 2 estimates the transmission characteristics of a nnilti-path transmission 

3S path in response to a pilot signal R1a contained the reception signal to produce tap coeffitients R4 (R4a). A tans- 
versal filter 3 performs tap weighting using the tap coeffk;ients R4 to produce the maxintum ratio synthesis signal R5 of 
the pulse sequence R3. A multi-path interference reproducing section 5 r^roduces a multi-path interference signal R8 
in response to the tap coefficients R4a. a demodulating signal R6 and the inverse spreading code R2. A subtracting 
section 7 subtracts an interference signal from a delay synthesis signal R5a which has been delayed from a synthesis 

40 signal R5 t>y a delay section 6. A determining section 8 determines a subtracting signal R9 to output a denrxxlulation 
signalRIO. Thus, a multi-path interference signal of a received spectrum spreading signal is removed in a base band. 
[0016] Also, a CDMA/TDD system radio communication system is disclosed in Japanese Laid Open Patent applica- 
tion (JP-A-Heisei 7-221700). In the this reference, in addition to the stiructure of a conventk)nal CDMAnDD system 
radio communication system, a base 8tatk>n is further composed of means 15 for generating a pilot signal fiavtng a con- 

45 stant transmission power level to each of the mobile stations and known to the mobile station, and means 16 for trans- 
mitting the pilot signal to the tnobWe station via a transmission path. Also, each mobile station is further composed of 
means 19 for measuring tBnsmission power of the received pilot signal and means 8 for controlling transmisston power 
of a power amplifier circuit 10 based on the reception power of the measured pilot signal. 

[0017] Also, a CDMA^DD system radio communication system is disclosed in Japanese Laid Open Patent appltoa- 
50 tion (JP-A-Heisei 7-226710). In this reference, in addition to the structure of a conventional CDMAnrOD system radio 
communication system^ a base station is further composed of means 15 for generating a pilot signal having a constant 
transmission power level to each of the mobWB stations and known to the mobile station, means 16 for transmitting the 
pilot signal to tiie mobile station via a transntission path, and single tone generating means 26 for always transmitting 
to the wobWe station, a single tone having a single frequency and a constant transnvssion power level. Also, each 
55 mobile station is furtiier composed of means 1 9 for measuring transmission power of tiie received pilot signal, means 
28 for measuring a reception power of the single tone, and means 8 for controlling tiansmtesion power of a power awp^l- 
fier circuit 10 based on the measured reception power of the pilot signal and the measured rac^ion power of the single 
tone. 
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[0018] Al&o. a rake receiving apparatus of a direct spectrum spreading communication system is disclosed in Japa- 
nese Laid Open Patent application (JP-A-Heisei 7-231278). In this reference, a direct spreading modulation signal S30 
of N paths is received by a first to N-th inverse spreading sections 50i to SO^j and then the received signals S30 are 
subjected to inverse spreading and demodulation using a first to N-tii spreading sequences synchronous wi^ N signals 

5 830 in which reception timings are different from each other The demodulation data D40i to DAOf^ are synthesized by 
a synthesizing section 51. The level cfifferences between a signal having the maximum one of levels of the N signals 
830 and other signals are determined. When each of the level differences Is larger than a predetermined threshold 
value T. inverse spreading means for performing the inverse spreading and denxxlulation to the signals having level dif- 
ference larger than the threshold value T from the maximum level (for example. 50f4.2. ^N*1 • ^n) >^ controlled to be set 

10 to an off state. 

Summary of the Invention 

[0019] The present invention is accomplished to solve the above-mentioned problems Therefore, an object the 
IS present invention is to provide a spectrum spreading communication system in which communication can be perfornried 
in good quality, even if a plurality of mobile stations access a radio base station wt&i burst signals using a same spread- 
ing code and a same frequency band. 

[0020] Another object of the present invention is to provide a spectrum spreadirtg communication system in wtiich a 
nuilti-path can be identified to mato a rake synthesis possible so that communication quality can be improved. 

20 [0021 1 In order to achieve an aspect of the present inventicm. a spectrum spreading communication system including 
a radio k>ase station irviludes a receiving section, a correlation detecting section, a rake synthesizing section and a con- 
trol section. The receiving section receives a radb signal to produce a digital burst signal. Transmission data of the radio 
signal respectively include different pilot patterns and data, are subjected to spectrum spreading using a sir)g]e spread- 
ing code, and are transmitted on a same frequency barKl. The congelation detecting section performs a tracking opera- 

25 tion to the burst signal for each of pat^m to produce a traddng resultant data. The paths are specified based on a path 
data. The correlation detecting section also detects a component of the burst signal con^elated with the spreading code 
for each path based on the tracking resultant data. The rake synthesizing section performs rake synthesis to the com- 
ponents from the correlation detecting section tor each of the pilot patterns. The contrd section determines path can- 
didates from the burst signal to output the path data corresponding to the path candidates to tiie correlation detecting 

30 section, and controls the rake synthesizing section to perform the rake synthesis to the components from the correlatkKi 
detecting section for each of the pilot patterns. 

[0022] Each of the transmission data includes an Klentrfier data of a mobile station which has transmitted the trans- 
n^s^on data. The radfo base station further includes a data decoding section for decoding signals outputted from the 
rake synthesizing section, and for extracting the mobile station identifier data contained in the decoded signals to spee- 
ds ify mobile stations, respectively. 

[0023] The control section may include a plurality of searcher section respectively provided tor the pilot patterns, 
wherein each of the plurality of searcher sectfon determines larger likelihood levels between the oorresporKling pilot 
pattern and tiie burst si^al. and a path control section for determining the path candidates based on the larger likeli- 
hood levels over the pilot patterns to output the path data to the con'elation detecting section, and tor controlling the rake 
40 synthesizing section to perform the rake synthesis to the components from the correlation detecting section for each of 
the pilot patterns. In this case, each of the searcher section performs in-phase addition between a code sequence of 
the corresponding pilot pattern and a pilot pattern component of the txjrst signal to determine the path candidates hav- 
ing larger results of the in-phase additions. 

[0024] Also, the control section may Include a searcher section for determines the path candidates having larger like- 
45 lihood levels between the spreading code and the burst signal, a plurality of kind detecting sections respectively pro- 
vided for the pik>t patterns, wherein each of the plurality of kirxi detecting sections determines one of the pilot patterns 
for each of the path candidates, and a path control section for outputting the path data to the correlation detecting sec- 
tion based on the detected pilot patterns by the plurality of kind detecting sections, and for controlling the rake synthe- 
sizing section to perform the rake synthesis to the components from the congelation detecting section for each of the 
50 pilot patterns. In this case, each of plurality of kind detecting sections performs in-phase addition between a code 
sequence of the corresponding pilot pattern and a pilot pattem component of the burst signal to determine the path can- 
didates having larger results of tiie in-phase additions. 

[0025] Also, the correlatfon detecting section may include a plurality of tracking sections, each of which performs a 
tracking operation to the burst signal for a conesponding one of the paths to produce a portion of the tracking resultant 
55 data, and a plurality of correlating sections which are provided for the plurality of tracking sections, and each of which 
detects a component of the burst signal correlated with the spreading code for each patii based on the tracking resultant 
data. 

[0026] In addition, a spreading code decoding section may include the correlation detecting section, the rake synthe- 
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sizing section, the control section and the data decoding section. In this case, the spectrum spreading convnunication 
system further conprlses a plurality of the spreading code decoding sections respectively provided for a plurality of the 
spreading codes. 

[0027] In order to achieve another aspect of the present invention, a method of communicating from the plurality of 
mobile stations to the radio base station, in a spectrum spreading oommunicatiwi system Including a radio base station 
and a plurality of mobile stations, comprising the steps of: 

transmitting transmission data from the plurality of mbbWe stations as radio signals on a sanrte frequency band, 
wherein the transmission data respectively include different pilot patterris and data, the different pilot patterns are 
allocated to the plurality of nx>bile stations, and the transmission data are subjected to spectrum spreading by the 
plurality of mobile stations using a single spreading code, respectively; 
receiving the radio signals to produce a digHal burst signal; 

determining path candidates fnom the burst signal to generate the path data corresponding to the path candidates; 
performing a tracking operation to the burst signal for each of paths to produce a tracking resultant data, the paths 
being specified based on a path data; 

detecting a component of the burst signal correlated with the spreading code for each path based on the tracking 
resultant data; and 

performing rake synttieste to the components from the correlation detecting section for each of the pilot patterns to 
produce rake synthesis signals tor communication. 

Brief Description of the Drawings 

[0028] 

Rg. 1 is a block diagram lUustrating the concept of a conventional spectrum spreading communication system; 
Fig. 2 is a block diagram illustrating the structure of a nrwbile comnmmications system in a spectaim spreading com- 
munication system of the present invention; 

Fig. 3 Is a bbck diagram illustrating the structure of a transmission unit of a mobile station in the spectrum spread- 
ing conmunication system of the present invention; 

Fig. 4 is a diagram illustrating an example of a signal format transmitted from the mobile station in the spectrum 
spreading communication system of the present invention; 

Fig. 5A is a diagram of a short code. Figs. 5B-1 and 5B-2 are diagrams of pilot signal (PL) symbols, and Figs. SC- 
1 and 5C'2 are diagram of code patterns determined from the short code and the PL symbols; 
Fig. 6 is a block diagram illustrating the structure of a reception unit of a radio base station in the spectrum spread- 
ing conrununication system according to the first embodiment of the present invention; 

Figs. 7A-1 and 7A-2 are a diagram of a short code and a diagram of a pilot signal (PL) symbol, and Fig. 7A-3 is a 
diagram of a code pattern determined from the short code and the PL symbol. Figs. 7B-1 and 7B-2 are a diagram 
of another short code and a diagram of another pilot signal (PL) synr*)ol. and Rg. 7B-3 Is a diagram of another code 
pattern determined from the short code and the PL symbol. Rg. 7C-1 \s a diagram of a code example of a pilolsig- 
nal searcher section. Rgs. 7C-2 and 7C-3 are diagrams of a code example of a reckon signal, and a likelihood 
level of a correlation component, and Figs. 7C-4 and 7C-5 are diagrams of a code example of another reception 
signal, and a likelihood level of another congelation component; and 

Fig. 8 is a block diagram illustrating the structure of the reception unit of the radio base station in the spectrum 
spreading communication system according to the second embodiment of the present Invention. 

Description of the Preferred Embodiments 

[0029] Next, the spectrum spreading communication system of the present Invention will be described wrtfi reference 
to tiie attached drawings. 

[0030] Rg, 2 is a block diagram illustrating the structure of a mobile communication network in the spectrum spread- 
ing communication system of the present invention. In Rg. 2. the mobile communication network is connected to a pub- 
lic telephone line network as an existing wire communication network tiirough a mobile conrtmunication system control 
section and a switehing apparatus 100. The communication is processed in the tDotWe ccHnmunication network and 
between the nrxjbile communication network and the put}tic line network by the mobile communication system control 
section and the switching apparatus 100. It should be noted that the mobile communication system comrd section and 
the swHchtng apparatus 100 are apparatuses which include a ewitohing apparatus for tiie wcbilB communication and a 
control unit which controls a plurality of radio base stations 300 of tine nrK)bile communfeation network. The radio base 
station 300 forms a radio zone In which mobile communication service is provided to the plurality of mobile station 200 
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through electromagnetic wave transmitted from and received by the radio base station 300. 
[0031 ] Between the radio base station 300 and the mcA)ile stations 200 is adopted a communication system soH:alled 
CDMA (Code Division Multiple Access) system or a spectmm spreading communication system. In the communication 
system, a transmission signal is spread with an allocated spreading code to be transmitted on a same frequency band, 

5 and a reception signal is subjected to inverse spreading using the same spreading code on a receiving unit 

[0032] In the spectrum spreading communication system of tiie present invention, when the plurality of mobile sta- 
tions 200 transmit call originating requests and data packets in burst signals, the radio base station 300 is randomly 
accessed. In a usual spectrum spreading communication, a spreading code is allocated to each mobile station to func- 
tion as an exclusive use traffic channel so that orthogonality to the other communications is kept This is like the com- 

10 munk^tion after the call originating request from the mobile station 200 is accepted arKj convnunication with a 
destination side is started. However, in the present invention, the burst signals spread 1:^ use of the same spreading 
code are received by a receiving unit of a radio base station. 

[0033] That is. one feature.of the present invention is in that a pilot (PL) pattern is allocated for each mobile station 
200. The allocation and registration of the pitot pattern to the plurality of mobile stations 200 in advance make it possible 

IS to klentify a short code having orthogonality such as the Ooki code and the W^tsh code by use of a plurality of pattern 
symbols. For example, when the number of patterns of the pilot pattern Is 8, a pilot pattern (0) to pilot pattern (7) are 
repeatedly allocated to the wdbWe stations in order in accordance with identification numbers of the mobile stations. 
Each mobile station adds the allocated pilot pattern to a transmissk>n data in case of transmisston of a burst signal. 
[0034] Fig. 3 is a block diagram illustrating the structure of a part of the mobile station 200 concerned with the trans- 

20 mission of the burst signal. Rg. 4 shows a signal format of a transmission data in a transmission frame. 

[0035] The mobile station 200 is composed of a transmitter 21 0, an AD converting section 220, a code spreading sec- 
tion 230. a coding section 240 and a control section 250. The coding section 240 codes the above-mentioned pitot pat- 
torn, tiie mobile station identifier including tiie kJentification nuni>er of the mobile station and the transmission data 
under the control of the control unit 250 to produce a transmission frame, in case of transmisskMi of a call originating 

2S request and random access by use of a data packet. The coded transmission frame is subjected to a spectrum Read- 
ing process by the code spreading section 230. A spreading code i^ed at this time is a txtrst transmisston spreading 
code which has been notified from tfie radio base station through a notice channel, when the mobile station enters the 
radk) zone of tiie radio base station. Ttiree or four kirxls of spreading codes or one kind of spreading code in a sped€U 
case is prepared only in the radk> base station. The control unit 250 supplies the burst transmission spreading code 

30 notified in advance to the code spreading section 230, since the burst traremisslon is performed. The transmisskm 
frame to which spectrum spreading is performed by the code spreading section 230 is subjected to digital (D)/anatog 
(A) conversion by the DA converting section 220 and oulputted from the ti^nsmrtter 210 in the form of electromagnetic 
wave. 

[0036] An example of a transmteston frame of the ti^nsmission signal outputted in tiiis way is shown in Ftg. 4. Aim, 

$s examples of tiie pitot pattem is shown in Figs. 5A to 5C-2. 

[003^ Next, the structure of the radio base station in the spectrum spreading communication system of the present 
inventfon will be desaibed with reference to Rg. 6. Fig. 5 is a block diagram illustratirtg the structure of a part of a recep- 
tion system of the radio t>aee station to which the communication system of the present invention is applied. 
[0038] The radio t>ase station 300 is composed of an antenna 31 0. an AD converting section 320, and spreading code 

40 decoding sections 400-1 to 400-H provkied for spreading codes and having the same structure. The spreading code 
decoding section 400-1 for a spreading code A is composed of a spreading code A generating section 410. pilot pattern 
(PL) searcher sections 420-1 to 420-N. a path control section 430, tracking sectfons 440-1 to 440-M, correlating sec- 
tions 450-1 to 450-M, pilot pattern (PL) data rake synthesizing sections 460-1 to 460-N. and pilot pattem (PL) data 
decoding sections 470-1 to 470-N. 

45 [0039] The plurality of mobile stations 200*1 to 200-1 access the radio base station 300 using signals obtained by per- 
forming spectrum spreading processes to the burst signals including pilot patterns PL1 to PLN by use of the burst trans- 
mission spreading codes, 

[0040] In the radio base station 300. the burst signals are received by the antenna 31 0, and the receptfon signals are 
subjected to analog/digital conversion in the AD converting section 320. Then, inverse spreading processes are per- 
50 formed in tiie spreading code decoding sections 400 to take out signal data. As the spreading code decoding sections, 
the plurality of spreading code decoding sections 400-1 to 400-H are provkied for the respective spreading codes. 
(0041] The detailed structure of the spreading code decoding section, a spreading code A decoding section 400-1 for 
the burst signal using a spreading code A as an example will be descrit>ed. 

[0042] First, the spreading code generating section 410 to generate the spreading code A for the inverse spreading 
55 process. 

[0043] Then, one feature of tiie present invention is in that PL searcher sections 420-1 to K PL RAKE synthesizing 
sections 460-1 to N and PL data decoding sections 470-1 to N in con-espondence to the kinds of the above-mentioned 
PL patterns which are prepared in advance as tiie system. 
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[0044] The burst signals are received by the antenna 31 0 and subjected to a analog/digital conversion by the AD con- 
verting section 320 to produce a digital reception signal. Each of the pilot pattern searcher sections 420-1 to 420-N 
iiputs the spreading code A outputted from the spreading code generating section 410 and the digital reception signal. 
The pilot pattern searcher section deterntines a likelihood level of a conelation component between the spreading code 
A aTKJ the digital reception signal in a search range or a profile for every pilot pattern. More specifically, the corrdaton 
component is determined through in*phase addition of pilot pattern components to be desaibed later, using a code 
sequence of each pilot pattern of the digital reception signal and the spreading code A. As a result, a multi-path or paths 
of the reception burst signals are detected for every pilot pattern. 

[0045] Each of the pilot pattern rake (PL RAKE) synthesizing sections 460-1 to 460-N perform rake synthesis of the 
correlation conponents for the multi-pertb for every pilot pattern. Each of the pilot pattern (PL) data decoding sections 
470-1 to 470-N function to decode the signal outputted after the rake synthesis for each PL pattern arvj to extract the 
mobile station Uentif ier contained in the decoded signal to specify and output a mobile station klentif ication number. 
[0046] As the other components, tt is provided with the plurality of tracking secfions 440-1 to 440-M. each of which 
inputs the spreading code A outputted from the spreading code A generating section 410 and the digital reception sig- 
nal from the analog/digital converting section 320. The tracking section performs a tracking process to a specific path. 
The tracking process is a process to track a small change of a reception path timing v^ich is generated due to a change 
of a signal propagation delay between the mobile station and the radio base station because of a position change of the 
mobile station. 

[0047] Each of the con^elating units 450-1 to 450-M inputs the spreading code A outputted from the spreading code 
generating section 410 and the digital reception signal from the anak>gtiigrtal converting section and determines a cor- 
relation component between the <£gital reception signal and the spreading code A in accordance with the output of the 
corresponding tracking section. The path control unit 430 performs the control to be mentioned later. 
[0048] The path control unit 430 inputs path data outputted from the pitot pattern searcher sections 420-1 to 420-N 
and determines the tracking sections 440-1 to 440-M by whk:h the traddng process should be performed to the paths. 
Also, the path control unit 430 issues instructions to the pilot pattern rake synthesizing secttons 460-1 to 460-N. Each 
of the pilot pattern rake synthesizing sections 460-1 to 460-N connects ones of the correlating sections 450-1 to 450-M 
which output path signals for the same PL pattern to a corresponding one of the pilot pattern synthesizing sections in 
response to a con'esponding one of the instructions. 

[0049] An operation of the radio base station 300 structured in this way will be descrased below. 
[0050] In Rg. 6. the burst signals from the mobile stations 200-1 to 200-1 are received by the antenna 3 1 0, converted 
into a digital form by AD converting section 320 and then supplied to the spreading code A decoding section 400-1 . 
[0051 1 In the spreading code A decoding section 400-1 , each of the PL searcher sections 420- 1 to 420-N detects and 
outputs a plurality of paths having the larger PL component in-phase addition levels as the candidates of the paths for 
every pilot pattern. Also, the pilot pattern searcher section calculates a correlation component of a pilot pattern portron 
of the digital reception signal and a code sequence as a result of exclusive OR qaeration of the spreading code A and 
the pilot pattern corresponding to the pilot pattern searcher section over a search region. Thus, the profile of the pilot 
pattern oonponent iniDhase addition is determined as likelihood levels for paths. Then, the predetermined number of 
paths in order of the larger pilot pattem component in-phase addition are detected as the path candidates for the spe- 
cific spreading code, the spreading code A in this example and the specifk; pilot pattern. The chip phases of the path 
candidates detected by each of the PL searcher sections 420-1 to 420-N and the likelihood levels are sent to the path 
control unit 430. 

[0052] Rgs. 7A-1 to 7C-5 are diagrams illustrating the principle of the detection of the correlation component per- 
formed by the PL searcher sections. Two examples of the pilot pattern are shown in Figs. 7A-1 to 7A-3 and Figs. 7B-1 
to 7B-3. It should be noted ttiat these diagrams are the same as those shown in Figs. 5A to 5C-2. A pilot pattern is 
shown to use the short code of 4 chips one period and pilot pattern symbol of 4 symbols as the example. The code 
sequence of pattern No. 0 is a code sequence whk:h is determined based on a short code of "1 > -1.-1.1" and a pilot 
pattern syntool "1,1,-1,-1". Also, the code sequence of pattern No. 1 is a code sequerice determined based on a short 
code'1, -1, -1. r and a pilot pattern symbol "1, 1, 1. r. 

[0053] Now, it is supposed that the pUot pattern No.1 (PLI) searcher section 420-1 has the code sequence of a pilot 
pattern shown in Figs. 7A-1 to 7A-3. The principle for determining a correlation component between each code 
sequence of the reception signal and the code sequence of the pilot pattern of the PLI searcher section 420-1 is shown 
in Figs. 7C-1 to 7C-5. 

(0054] As seen from Figs. 7C-1 to 7C-5, if the oode sequence of the reception signal is coinckJent with the pattern 
No.O, a con-eiation conponent of "16" is obtained as shown in Rg. 7C-3. when the timings are coincident vwth each 
other. However, in case of a different code sequence of pattern, a correlation connponent of "0" is obtained as shown in 
Fig. 7C-5, even if the timings are coincidenl with each other. By this, each of the pilot pattern searcher sections 420-1 
to 420-N Wenlifies and takes out only the reception signal which has the same PL pattern as the code sequence of the 
PL pattern of the pilot pattern searcher section. Thus, the chip phases as the peaks of the multi-path are detected. 
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[0055] Next, referring to Rg. 6 once again, the outputs of the pilot pattem searcher sections 420-1 to 420-N. opera- 
tions of the path control unit 430. the tracking sections 440-1 to 440-M, the correlating units 450-1 to 450-M and the pilot 
pattern (PL) rake synthesizing sections 460-1 to 460-N will be described. 

[0056] For eimple description, it is supposed that the pilot patterns of PL1 . PL2 and PL3 are allocated for three niobile 
station 200-1 to 200-3, respectively. Also, it is supposed that a spectrum spreading process is performed using the 
spreading code A and a burst signal is transnrytted. Also. H is supposed that each of the pilot pattern searcher sections 
420-1 to 420-N detects four peaks of #1 to #4 in order of larger likelihood level to output the chip phases of the paths 
corresponding to peaks together with the likelihood level values to the path control section 430. Further, it is supposed 
that 10 sets of the tracking section and the correlating sections are provided. In such a condition, the paths of the four 
peaks #1 to #4 outputted from the respective pilot pattern searcher sections (PL1 . PL2, PL3) as the result of the above 
mentbned pilot pattern search are represented as x1 to x4, y1 to y4, z1 to z4. respectively. Also, it is supposed that the 
likelihood level value of the each peak to the spreading code A takes a value indicated in (). 
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[0057] The path control unit 430 rearranges the respective likelihood level values in order of higher level value to the 
spreading code A based on these data. 
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[0068] Now. since the number of sets of the tracking sections and the correlating units is 1 0. the path control unit 430 
selects the 10 paths in order of higher level values, and then transfers data indk:ative of the 10 paths to the respective 
tracking sections. 
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[0059] Tliat is. instructions are issued such that the tracking section 440-1 tracks the path of x1 . the tracking section 
440-2 tracks the path of yi . the tracking section 440-1 tracks the path of xl . the tracking section 440-3 tracks the path 

of x2 the tracking section 440-10 tracks the path of y4. The conrelating unit oon'esponding to each tracking section 

outputs the correlation component of the reception signal with the spreading code A in the corresponding path. The 
path control unit 430 issues instructions to the pitot pattern rake synthesizing sections 460-1 to 460-3 to connect the 
outputs of ones of the carelating sections 440-1 to 440-10 con^esponding to the same PL pattern with the correspond- 
ing pilot pattern rake synthesizing section. 

[0060] Each of the pilot pattem rake synthesizing sections 460-1 to 460-3 performs rake synthesis of output signals 
for the same path. That is. since the con-elating sections 450-1 , 450-3, 450-6, 450-7 output the correlation components 
of the reception signal for the path of the pilot pattern PL1, the output of each correlating section is connected to the 
pilot pattern rake synthesizing section 460-1 . Since the correlating sections 450-2, 450-5, 450-8. 450-10 output the cor- 
relation components of the reception signal for the path of the pilot pattern PL2. the output of each correlating section 
is connected to ttie pilot pattern rake synthesizing section 460-2. Also, since the correlating sections 450-4. 450-9 out- 
put the correlation components of the reception signal for the path of the pilot pattern PL3, the output of each con-elating 
section is connected to the pilot pattern synthesizing section 460-3. 

[0061] The signals obtained by performing rake synthesis in the each of the pilot pattern rake synthesizing sections 
460-1 to 460-3 are decoded by the pilot pattern (PL) data decoding sections 470-1 to 470-3 corresponding to the 
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respective pilot patterns. As a result the id^ier data of ttie mobile station contained in the decoded data is extracted 
and outputted as the reception signal for which each wdbWe station is specified 

[0062] In this way. in the epectaim spreading convnunication system of the present invention, a plurality of paths (the 
multi-path) having a congelation component to the spreading code A for each pilot pattern in the pilot pattern searcher 
5 section are detected. The tracking operation to each path and correlation component extraction of the reception signal 
are performed based on the detected path data. Therefore, even if the burst signals using the same spreading code are 
received from the plurality of mobile station at the same time on a same frequency band, it is possible to reliably distin- 
guish the signal from each mobile station and to perform the rake synthesis so that the communication quality can be 
remarkably improved. 

10 [00631 Next, the spectrum spreading communication system according to the second embodiment of the present 
invention will be described with reference to Rg. 8. 

[0064] Fig. 8 is a block diagram illustrating the structure of the radio base station 300 according to the seoorKl embod- 
iment of the present invention. One feature of the present invention is in that it is provided with a searcher sectk>n 421 
and a plurality of pilot pattem (PL) kind detecting sections 480-1 to 480-J in the second enixxliment instead of the plu- 

IS rality of pilot pattern searcher sections provided in the first enrtediment. 

[0065] The spreading code A generating section 410, the path control unit 430. the tracking sections 440-1 to 440-M, 
the correlating units 450-1 to 450-M, the pilot pattem rake (PL RAKE) synthesizing sections 460-1 to 460-N and the pilot 
pattern (PL) data decoding sections 470-1 to 470-N have the same functions as in the first mibodiment. 
[0066] The searcher section 421 inputs the spreading code A outputted from the ^reading code generating section 

20 410 and the digital receptton signal obtained by converting the burst signals received from the mobile stations into the 
digital form. The searcher section 421 calculates a congelation component with the spreading code A over the search 
range to determine a profile and then to detect the path candidates of the reception signal. The detected path candi- 
dates are sent to PL kind detecting sections 480-1 to 480-J so as to distinguish the pilot pattem con-esponding to each 
path candidate. Data indicative of the detected path candidates and data indicative of the corresponding pilot patterns 

25 are sent to the path control section 430 and then the same operation as in the first embodiment is perfomrwd therein. 
[0067] That is. the path control section 430 determines the paths to which the tracking process shouM be performed, 
from the inputted path data and the pilot pattern data to issue instructions to the tracking sectfons 440-1 to 440-M. The 
tracking sections 440-1 to 440-M perform the tracking process to the instructed paths, respectively The coaelating sec- 
Xk>r\s 450-1 to 450-M determine the conrelation conrponent of the reception signal in accordance with the output of the 

30 corresponding tracking section. Also, the path control section 430 issues instructions to the pilot pattern rake synthesiz- 
ing sections to input correlation conrponents from ones of the oon^elating sections 450-1 to 450-M which correspond to 
the paths for the same pilot pattern. Ttie pilot pattern rake synttiesizing secttons 460-1 to 460-N perform rake synthesis 
to the correlation conrponents of the multi-path for every pilot pattern. Each of the pilot pattern (PL) data decoding sec- 
tion 470-1 to 470-N decodes the signal corresponding to each pilot pattern and extracts the mobile station identifier con- 

3s tained in tiie decoded signal. Thus, each pilot pattern data decoding section 470-1 to 470-N specify mobile statfon 
identification numba^. 

[0068] Referring to Fig. 8, tiie operation of searcher section 421 , the operation of PL kind detecting section 480-1 to 
480-J. and the path control section 430. the tracking sections 440-1 to 440-M. ttie correlating sections 450-1 to 450-M 
and the PL RAKE syntiiesizing section 460-1 to 460-N will be described. 

4o [0069] For simple description, it is supposed that the pilot patterns of PL1 . PL2 and PL3 are allocated for three mobile 
station 200-1 to 200-3. respectively, and spectrum spreading is performed using the spreading code A so as to transmit 
a burst signal in each tnobWe station. Also, it is supposed that the searcher section 421 outputs ten patii candidates in 
order of larger likelihood level. Further, it is supposed that 10 PL kind detecting sections 480-1 to 480-10 are provided 
and 10 sets of the tfacking section 440-1 to 440-10 and the correlating sections 450-1 to 450-10 are provided. 

45 [0070] In such a condition, it is assumed ttiat tiie spreading code A and a reception signal are inputted and the 
searcher section 521 outputs 10 patiis as s1 to slO. 
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[0071] Date indicative of the 10 paths outputted from the searcher section 421 is stpplied to the PL kind detecting 
55 sections 480-1 to 480-10, respectively, such ttiat each PL Wnd detecting section distinguishes ttie pilot pattern of the 
irputted path. Each PL kind detecting section performs in-phase addition of pilot pattern in-phase components between 
a code sequence of the pilot pattem allocated to the mobile station in advance and a code sequence of the reception 
signal at the timing indicated by the patti data. The PL Wnd detecting section supplies the pilot pattern having the largest 
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correlation component and the timing to the path control section 430. 

[0072] tt is supposed that the path and the pilot pattern correspond to each other in each PL kind detecting section 
as described below. 
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[0073] Based on these data, the path control section 430 sends a data of path to be tracked to each tracking section. 
That is, instructions are issued such that the tracking section 440-1 tracks the path of si. the backing section 440-2 

tracks the path of s2, the tracking section 440-3 tracks the path of 83 the tracking section 440-10 tracks the path of 

s10. The con-elating section corresponding to each tracking section outputs the conrelation component of the reception 
signal to the spreading code A in the corresponding path. 

[0074] Further, the path control unit 430 connects the outputs of the correlating sections conesponding to the same 
PL pattern with the corresponding pilot pattern rake (PL RAKE) synthesizing section to perform rake synthesize of out- 
put signals for the same path. That is, since the correlating sections 450-1 . 450-3. 450-6. 450-7 output the correlation 
compon^s of the reception signal for the path of PL1 . the output of each con^eiating section is connected to the PLI 
RAKE synthesizing section 460-1. Since the con^elating sections 450-2, 450-5. 450-8. 450-10 output the ccurelation 
components of the reception signal for the path of PL2. the output of each con^elating 8ectk}n is connected to the PL2 
RAKE synthesiztfig section 460-2. Alsa since the correlating sections 450-4. 450-9 output the coretation components 
of the reception signal for the path of PL3. the output of each correlating section is connected to the PL3 RAKE synthe- 
sizing section 460-3. 

[0075] The signals obtained by performing rake synthesis in the each of the PL RAKE synthesizing sections 460-1 to 
460-3 are decoded by the pilot pattern (PL) data decoding sections 470-1 to 470-3 corresponding to the respective pilot 
patterns. As a result, the identifier data of the nrx>bile station contained in the decoded data is extracted and outputted 
to specify each mobile station for the reception signal. 

[0076] In this way, in the spectrum spreading communication system of the present invention, the plurality of patt^ 
(ttie mutti-path) having correlation components to the spreading code A in the searcher section. The pilot pattern of 
each of the detected paths distinguished in each PL kind detecting section. Further, the tracking operation for each 
path and correlation component extraction of the reception signal are performed based on the detected patti data. 
Therefore, even if ttie burst signals using the same spreading code are received at the same time on a same frequency 
band from the plurality of mot>ile stations, tt possible to reliably distinguish the signal from each nrK>bile station and to 
perform rake synthesis. Thus, the communication quality can be greatly improved. 

[0077] As described above, according to the spectrum spreading communication system of tiie present Invention, a 
pilot pattern is allocated for the mobile station, and the pilot pattern is distinguished. Therefore, the burst signal can be 
transmitted using the same spreading code. Compared with the system whic^ distinguishes a mobile station t>ased on 
the kind of the spreading code, the structure of the reception system can be remarkably simplified. Also, the multi-path 
or paths can be detected for every pilot pattern. Therefore, even if the same spreading code is used for transmi8sk)n, 
the signal from each mobile station can be reliat)ty received. As a result, the effective RAKE syntiiesis becomes possi- 
ble so that the speech quality can be remarkak>ly improved. 

Claims 

1 . A spectrum spreading communication system including a radio base station comprising: 

a receiving section (310. 320) for receiving a radio signal to produce a digital burst signal, wherein transmission 
data of the radio signal respectively include different pilot pattems and data, are subjected to specti-um spread- 
ing using a single spreading code, and are transmitted on a same frequency band; 

a correlation detecting section (440. 450) for performing a tracking operation to said burst signal for each of 
paths to produce a tracking resultant data, said paths being specified based on a path data, and detecting a 
component of said burst signal correlated witii said spreading code for each path based on said tracking result- 
ant data: 

a rake synthesizing section (460) for performing rake synthesis to said components from said conrel£rtion 
detecting section for each of said pilot patterns; and 

a control section (420. 430. 421 . 480) for determining path candidates from said burst signal to output said patii 
data corresponding to said path candidates to sakJ correlation detecting section, and tor controlling sakj rake 
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synthesizing section to perform said rake synthesis to said corrponents from said correlation detecting section 
for each of said pilot patterns. 

2. A spectrum spreading communication system according to claim 1. wherein each of said transmission data 
5 includes an identifier data of a mobile station which has transmitted said transmission data, and 

wherein said radio base station further includes a data decoding section for decoding signals outputted from 
saki rake synthesizing section, and for extracting the mobile station identifier data contained in the decoded 
signals to specify mobile stations* respectively 

10 

3. A spectrum spreacfing communication system according to claim 1 or 2» wherein said control section includes: 

a plurality of searcher section respectively provided for said pilot patterns, wherein each of said plurality of 
searcher section determines larger likelihood levels between the corresponding pilot pattern and said burst sig* 
IS nal; and 

a path control section for determining the path candidates based on said larger likelihood levels over said pilot 
patterns to output said path data to said correlation detecting section, and for controlling said rake synthesizirtg 
section to perform said rake synthesis to said components from said correlation detecting section for each of 
said pilot patterns. 

20 

4. A spectrum spreading communication system according to claim 3. wherein each of said searcher section perfomns 
in-phase addition t>etween a code sequence of said corresporKling pilot pattern and a pilot pattern oon^xsnent of 
said burst signal to determine sakJ path candidates having larger results of tiie irvphase additions. 

25 5. A spectrum spreading communication system according to claim 1 or 2. wherein said control section includes: 

a searcher section for determines said path candidates having larger likelihood levels between said spreading 
code and said burst signal: 

a plurality of kind deteding sections respectively provided for said pilot pattens, wherein each of said ^urality 
30 of kind detecting sections determines one of said pilot patterns for each of said patii candklates: and 

a patii control section for outputting said path data to said correlation detecting section based on the detected 
pilot patterns by said plurality of kind detecting sections, and for controlling said rake synthesizing se^on to 
perform said rake synthesis to saki components from said correlation detecting section for each of said pilot 
patterns. 

35 

6. A spectrum spreading communication system according to daim 5. wherein each of |:^urality of kind detecting sec- 
tions performs in-phase addition between a code sequence of said corresponding pilot pattern arKl a pilot pattern 
component of said burst signal to determine said path candidates having larger results of the in-phase additions. 

40 7. A spectrum spreading communication system according to any one of claims 1 to 6, wherein said correlation 
detecting section includes: 

a plurality of tracking sections, each of which performs a f acking operation to said txirst signal for a conre- 
sponding one of said paths to produce a portion of said tracking resultant data; and 
45 a plurality of conrelating sections which are provided for said plurality of tracking sections, and each of whteh 

detects a component of saki burst signal con^elated with saki spreading code for each path based on saM 
tracking resultant data. 

8. A spectrum spreading communication system according to any one of claims 1 to 7. wherein a spreading code 
so decoding section includes saki correlation detecting section, sad rake synthesizing section, sakJ control section 

and saki data decoding section, arxi 

wherein sad spectrum spreading communication system further comprises a plurality of said spreading code 
decoding sections respectively provided for a plurality of sakj spreading codes. 

55 

9. In a spectrum spreading communication system including a radio base station arxJ a plurality of mobile stations, a 
method of communicating from sad plurality of mobile stations to said radio base station, comprising the steps of: 
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transmitting transmission data from said plurality of mobile stations as radio signals on a same frequency band, 
wherein said transmission data respectively include different pilot patterns and data, the different pilot patterns 
are allocated to said plurality of mobile stations, and said transmission data are subjected to spectrum spread- 
ing by said plurality of mobile stations using a single spreading code, respectively; 
receiving said radio signals to produce a digital burst signal; 

determining path candidates from said txirst signal to generate said path data corresr^nding to said path can- 
didates; 

performing a tracldng operation to said kxirst signal for each of paths to produce a tracking resultant data, said 
paths being specified based on a path data; 

detecting a component of said burst signal correlated with said spreading code for each path based on said 
tracking resultant data; and 

performing rake synthesis to said components from sakJ con-elation dete(Aing section for each of said pilot pat- 
terns to produce rake synthesis signals for communication. 

10. A method according to claim 9. wherein each of said fransmlssion data includes an kJentifier data of each of said 
first mobile stations, and 

wherein said method further indudes: 

decoding the rake synthesis signals to extiact said identifier data of said plurality of mobile stations contained 
in the decoded signals to specify mobile stations. 

1 1 . A method according to claim 9 or 10, wherein sakJ determining step indudes: 

determining larger likelihood levels between each of said pilot patterns arKf sM burst signal; and 
determining the path candidates based on said larger likelihood levels over said pilot pattems to generate said 
path data. 

12. A method according to claim 11, wherein said step off determining larger likelihood levels includes performing in- 
phase addition between a code sequence of sakl corresponding pilot pattern and a pilot pattern component of said 
burst signal. 

13. A method according to daim 12, wherein sM step of detemnining the path candidates includes determining said 
patii candidates having larger results of the in-phase additions. 

14. A method according to daim 9 or 10. wherein saki determining step includes: 

determining said path candidates having larger likelihood levels between said spreading code and said burst 
signal; 

determining one of said pilot patterns for each of sakI path candkJates; and 

generating said path data to said congelation detecting section t>ased on the detected pilot patterns by saki plu- 
rality of kind detecting sections. 

1 5. A method according to daim 14, wherein said step of determining one of sakI pilot pattems includes: 

performing in-phase addition k>etween a code sequence of sakJ corresponding pilot pattern and a pilot pattem 
component of said burst signal. 



16. A metiiod according to any one of daims 9 to 15, further conrprising the step of performing said step of determining 
path candkJates. said step of performing a tracking operatfon, sakI step of performing rake synthesis, and said step 
of decoding the rake synthesis signals for each of a plurality of said spreading codes. 
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Fig. 3 
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